Sida tuberculata R.E.Fr. (Malvaceae) is a medicinal plant widely found in Southern Brazil, and popularly used for inflammatory disorders and to pain relief. A phytochemical analysis followed by an investigation about antinociceptive potential and mechanism of action were performed with leaves and roots extracts. Methanolic extracts, designated as S. tuberculata leaves extract (STLE) and S. tuberculata roots extract, were analyzed both by UHPLC-MS. The in vivo antinociceptive potential of STLE (10-300 mg kg 
types of ionotropic channels and metabotropic receptors in nociceptor surface (Rodrigues et al., 2012; Tominaga, 2007) . These responses generate pain, causing often an uncomfortable condition, being considered a global health problem. For example, pain is the most common symptom prompting an emergency department visit, and emergency physicians are responsible for managing both acute pain and acute exacerbations of chronic pain, including pharmacologic approaches to pain treatment (opioids and nonopioids analgesics; Todd, 2017) . If not treated, some painful processes may induce to neurological and emotional problems, including inability to work, disrupted social relationships, depression, and consequently, decreased life quality. Several alternative approaches have been tested to reduce nociceptive, neurogenic, neuropathic, and inflammatory pain (Lima Cavendish et al., 2015; Santos et al., 2011; Simões et al., 2017) . Plant derivatives are, in turn, potential sources for new pain therapies. Notably, the main drugs currently used as analgesics were derived from plants or were synthesized based on natural products (Atanasov et al., 2015) . Thus, on the basis of popular knowledge, our group has investigated the composition and biological effects from Sida tuberculata (ST) extracts. ST (Malvaceae) is an herbaceous/subshrub plant, widely found in South America, commonly used in the popular medicine for inflammatory processes, diabetes, and vascular disorders. Moreover, the local population chew its leaves and places on wounds and insect bites as an emergency measure for its analgesic and healing properties. Recently, previous studies identified the main phytochemical classes in ST extracts, such as phytoecdysteroids, flavonoids, and alkaloids (Rosa et al., 2015; Rosa et al., 2016; Rosa et al., 2018) . Moreover, a significant antifungal and antioxidant properties were detected. The plants from genus Sida have been used for a long time in folk medicine and demonstrate important pharmacological properties (Khurana & Gajbhiye, 2013; Mah, The, & Ee, 2017; Philip, Muralidharan, Natarajan, Varadamurthy, & Venkataraman, 2008; Rejitha, Prathibha, & Indira, 2012) .
In a recent work about antinociceptive properties, Bonjardim et al. (2011) demonstrate that Sida cordifolia has a pronounced antinociceptive activity on orofacial nociception in mice. In another study, the polyphenol-rich fractions obtained from Sterculia urens produced significant analgesic effects in acetic acid-induced writhing method (Konaté et al., 2013) . S. cordifolia also reduced the prostanoid release in macrophage cell model, being verified antinociceptive and antiinflammatory activity in models induced by acetic acid and carrageenan (Martins et al., 2017; Sutradhar, Rahman, Ahmad, & Bachar, 2008) .
Considering the pharmacological potential from Sida sp, the present study proposed to investigate the antinociceptive effects from ST leaves extract (STLE) and the probable mechanism of action involved. In addition, the chemical composition of extracts were studied by UPLC-MS.
| MATERIAL AND METHODS

| Plant collection and extract preparation
ST whole plant was collected in south Brazil, specifically in a biome Pampa area under geographical coordinates 29°50′06.3''S and 57°05′50.5"W, Uruguaiana city, Rio Grande do Sul, Brazil. In sequence, botanical department identified the species, and one exemplar was deposited to ICN Herbarium as S. tuberculata R.E. Fries; ICN 167493 voucher specimen, Federal University of Rio Grande do Sul.
The plant was initially separated into leaves and roots, which were submitted to drying at 35°C and ground to powder. The extractive technique employed methanol on a heating plate at 40°C for 5 hr (ratio of 1:10, w/v). Every hour, the material was sonicated in an ultrasonic bath for 30 s. Next, the crude material was filtered and subjected to a degreaser process by liquid-to-liquid partition. Thus, using a separator funnel with methanolic crude extract/hexane p.a.
in ratio 1:1 (v/v), the separation process was performed. After, methanolic fraction was collected and concentrated in a rotary evaporator, resulting on STLE and ST roots extract (STRE). Animals were habituated to laboratory conditions for at least 1 hr before testing, and the experiments were conducted during daylight, in accordance with the ethical guidelines for investigations of experimental pain in conscious animals (Zimmermann, 1983) . The ethics committee approved the tests (protocol number PP00745 of Federal University of Santa Catarina), and each group contained between five and 10 animals. We emphasize that based on previous results of our group (Rosa et al., 2016) , STLE was chosen for in vivo tests due to its greater antioxidant capacity than STRE. For all experiments, the investigators were blinded for the animal treatment and testing conduction.
| UHPLC-MS analysis
| Acetic acid and formalin tests
Abdominal writhing was induced by intraperitoneal (i.p.) acetic acid injection (0.6%, 0.45 mL/mouse) in mice according to Santos, Vedana, and De Freitas (1998) . Each animal was pretreated orally (p.o.) with STLE (10, 30, 100, and 300 mg kg −1 ) or vehicle (saline solution) 1 hr before initiating the noxious stimulation. After, mice were placed in an acrylic chamber, and the intensity of nociceptive behavior (abdominal writhes) was quantified over a period of 20 min, starting 5 min after stimulus injection.
Formalin test was conducted as described by Santos et al. (1998) .
Mice received oral doses (p.o.) of STLE (10, 30, 100, and 300 mg kg 
| Open-field test
Locomotor and anxiety behavior were assessed by open-field test according to Bond and di Giusto (1977) with modifications. Briefly, mice were pretreated with vehicle (saline solution 0.9%, p.o.) or STLE (10-300 mg kg −1 , p.o.), and 1 hr later, they were enclosed in a white circular apparatus (100 cm diameter, with 12 equally spaced square) in a silent room. The animal behavior response was recorded by a video camera during a period of 6 min, and the parameters evaluated were (a) number of crossing with all paws; (b) rearing, times standing on hind legs; and (c) self-grooming frequency.
| Opioid and adenosine systems involvement
To verify the possible opioid system involvement in antinociceptive ST action on acid acetic model, the mice were pretreated with naloxone
(1 mg kg −1 , i.p.), a nonselective opioid receptors, 30 min before administration of STLE (100 mg kg 
| Molecular modeling and computational docking study
Docking studies were conducted with the two major compounds in STLE, 20-hydroxyecdysone (20HE) and Kaempferol-3-(6″-pcoumaroyl)-glucopyranoside (KCG), in order to predict possible mechanisms involved in the biological activity studied. DFT B3LYP/6-311G* basis in gas phase methodology, evaluable in Spartan'08 for Windows software (Wavefunction Inc., Irvine, USA) was used for geometry optimization and conformational analysis.
The geometry of compounds was optimized followed by submission to systematic conformational analysis with torsion angle increment set of 30°in the range 0-360°. The lowest energy conformer for chemical structure was saved in MOL2 file before using in docking studies.
The structure of μ-opioid receptor (MOR) from Mus musculus, 
| Statistical analyses
Data are presented as the mean ± standard error of mean. In vivo analyses represent the mean of 5-10 mice per group. The results were statistically analyzed using one-way or two-way Analysis of Variance followed by the post hoc Dunnet. In all cases, differences were considered significant when P< 0.05. Table 1 ). The chemical profile confirmed the five phytoconstituents previously detected by our group, in Figures 1a,b and 1E-G (see Rosa et al., 2015 Previous phytochemical analyses with ST, ethanolic, and aqueous extract were performed by our group and allowed identification of the main classes of secondary metabolites of which phytoecdysteroids were the most abundant (Rosa et al., 2015; Rosa et al., 2018 Rosa et al., , 2016 .
Here, we used other extraction technique and instrumentation analyses. Nevertheless, we confirm these results and propose three more compounds. Thus, through our UHPLC-MS, also, on the basis of maximum UV absorption, standard fragmentation, and literature data, we identified five ecdysteroids molecules, being 20HE the major compound in STLE/STRE and KCG the second compound that is more abundant in STLE, in accordance with our previous results (Rosa et al., 2016) . Moreover, the analyses allowed us to suggest the presence of unpublished compounds, 5,20-dyhydroxyecdysone, ecdysone, and vasicine (Table 1) .
As shown in Figure 1c from Compound 4, we believe to correspond to the loss of two water molecules (M + H -2H 2 O), which is a characteristic from ecdysteroids, so, together with its UV absorption profile (250 nm), this substance may be described as Ecdysone compound, also named alphaecdysone. This metabolite and its derivatives have already been described for other Sida sp (Jadhav, Pawar, Avula, & Khan, 2007) . In addition, the fragments observed in our results are in accordance with the same profile described by Wang et al. (2008) 
| Behavioral tests
Based on previous antioxidant results from our group (Rosa et al., 2015; Rosa et al., 2016) , STLE was chosen to assess the ability for reducing pain behavior. Therefore, behavioral assays were tested on in vivo nociceptive models induced by noxious chemicals. (Duarte, Nakamura, & Ferreira, 1988; Ribeiro et al., 2000) . Our results suggest, at least in part, that STLE may decrease inflammatory response through interference on synthesis, release, and/or metabolism of endogenous mediators involved in visceral pain decreasing the nociceptive response. However, more experiments are necessary to elucidate this possibility.
The formalin intraplantar injection produced nociceptive response in both, the first and second phases (Figures 2b and 2c) . STLE produced a significantly (P< 0.05) inhibition in licking and biting behavior in both phases. The percentage of inhibition ranged from 18 to 31% in the neurogenic phase ( Figure 2b ) and 24 to 40% in second phase Significance levels are indicated by *P < 0.05 and ** P < 0.01 when compared with the control group (ANOVA followed by the Dunnet test) assay showed no significant difference in the number of crossing (Figure 2d), rearing (Figure 2e), and grooming (Figure 2f ) frequency between STLE concentrations tested and control group. Thus, it was excluded the possibility of antinociceptive response evidenced by STLE in acetic acid and formalin models could occur through adverse effects on the motor and emotional states of animals.
Purposing to evaluate the probable action mechanism included in acetic acid model, we pretreat the animals with opioid receptor antagonist (naloxone) or saline prior to morphine (1 mg kg −1 ) or STLE (100 mg kg −1 ). The results demonstrated that morphine group pretreated with saline fully prevented the abdominal constrictions, whereas the morphine group pretreated with naloxone inhibited the morphine action (Figure 3a) . A similar effect was observed in the STLE groups. Those animals pretreated with saline presented a significantly reduction in nociceptive response. In the other hand, for those pretreated with naloxone, the STLE effect was disabled, suggesting that STLE has its mechanism, at least in part, linked to opioid system.
In relation to the adenosinergic system, as shown in Figure 3b , the antinociceptive effects of CHA (0.03 mg kg −1 , adenosinergic agonist)
were reversed by pretreatment of animals with DPCPX (3 mg kg and potassium-sensitive ATP channel) pathway (Lima et al., 2010; Pol, 2007; Toda, Kishioka, Hatano, & Toda, 2009 ). This pathway is sensitized by NO generated through neuronal nitric oxide synthase by directly activating cGMP or indirectly PKG, which leads to the opening of the ATP-sensitive K+ ion channels, which, in turn, lead to a hyperpolarization of the cell and consequent decrease in neuronal excitability (Sachs, Cunha, & Ferreira, 2004) . Therefore, we suggested that STLE contains compounds with at least partial ability to interact with these receptors and to modulate the anti-inflammatory analgesic response.
| Molecular docking
In order to investigate which of two major molecules, 20HE and KCG, illustrated in Figures 1B and 1E , detected in STLE extract, would present better interaction with opioid receptors, we performed a molecular docking simulation. In these studies, the compounds 20HE
and KCG were geometrically placed to interact with specific amino acids residue in opioid receptor site, and the results from H-bond, Van der Waals (VDW) and electrostatic interactions energy are showed in Table 2 . A detailed interaction between the compounds and main amino acid residues from MOR (active site BFO) are illustrated in Figure 4 . , i.p.) on nociception induced by acetic acid in mice. Each column represents the mean ± standard error of the mean of 6-10 animals. Significance levels are indicated by ** P < 0.01; *** P< 0.001 when compared with the saline control group; ### P < 0.001 significant compared with morphine or CHA agonists (two-way ANOVA/Dunnet test). 
